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FOREWORD

The first edition of this publication, which appeared in 1962, contained the first
comprehensive account of laboratory tests to evaluate the termite resistance of plastics.
It attracted considerable attention not only from manufacturers, suppliers, and con-
sumers of plastic products in Australia but also from many overseas countries, and as a
result it has been out of print for some time.

Since the first edition, laboratory studies of the termite resistance of plastics have
continued, and again an appreciable volume of useful information, which could be of
value to manufacturers and consumers of plastics, has been accumulated.

It was felt, therefore, that the most satisfactory and economical solution would be
to bring together in a single publication all the laboratory studies on the termite
resistance of plastics that have been carried out by this Division. In doing this, virtually
all of the first edition has been incorporated in the present paper, with only minor
amendments where necessary. This approach eliminates both the need for continual
cross-references to the earlier paper and the problem of locating a copy when specific
details are required.



LABORATORY STUDIES OF TERMITE RESISTANCE
: V. THE TERMITE RESISTANCE OF PLASTICS
By F. J. Gay* and A. H. WETHERLY*
[Manuscript received March 14, 1969]

Summary

An account is given of a series of laboratory tests to determine (i) the resistance
to termite attack of various plastics, (ii) the factors affecting such resistance, and
(iii) methods of improving resistance of those plastics shown to be susceptible to attack.

The plastics in common use vary widely in susceptibility to attack and range
from highly resistant materials such as nylon, phenolic laminates, and epoxy and
polyester resins to. readily damaged materials such as plasticized polyvinyl chloride,
low-density polyethylene, and cellulose esters.

The nature of the surface finish is unimportant in relation to termite attack.
An increase in thickness of plastic films or foils has been shown to reduce the suscepti-
bility to attack but the reason is not evident. In some materials hardness appears to be
important. This has been observed in studies with materials such as polyviny! chloride
or cellulose acetate with different amounts of plasticizer, and also in polyethylenes of
different density. Polyethylene also shows increasing termite resistance as molecular
weight increases and melt flow index decreases. )

There are indications that susceptibility is also influenced by the choice of
plasticizer as polyvinyl chloride plasticized with tricresy! phosphate is significantly less
susceptible than when plasticized with dioctyl phthalate.

The amount of attack on susceptible plastics may be reduced by the addition of
small quantities of any of several insecticides, of which the best appear to be aldrin and
dieldrin. Possible hazards involved in the widespread use of plastics with such additions
require further investigation. A significant reduction in damage to susceptible plastics
matcrials has been achieved by the addition of a small volume of a non-toxic mineral
filler such as hard silica or zircon flour, but practical application is limited by processing
difticulties.

The relevance of results of laboratory tests of plastics to their performance in
service, and the applicability of these results in Australia, are discussed.

1. INTRODUCTION

The increasing use of plastics for a wide variety of purposes has meant that in
certain applications these materials are exposed to termite hazard. This is particularly
true for plastic piping used for agricultural purposes and plastic-sheathed cables used
for telephone or electrical supply. [t is natural, therefore, that there should be con-
siderable interest in the resistance to termite attack of plastics generally used for these
and similar purposes, and it was to provide information on this that the present
investigations were begun. Subsequently, the scope of the study was broadened to
include a wider range of plastics and to investigate the effects of variations in manu-
facturing formulations and/or the addition of insecticidal materials during processing
on the termite resistance of plastics.

* Division of Entomology, CSIRO, Canberra.




Published information on the subject, although now assuming moderate pro-
portions, is sometimes contradictory. This may be due to different species of termites
being involved, or to variations in the type and formulation of a particular plastic
investigated by different workers.

Wolcott (1946) records undiluted (unplasticized) cellulose acetate as being readily
eaten by Cryptotermes brevis. He also found that the same species will eventually
penetrate a film of 597 polymerized methy! methacrylate but is apparently unable to
penetrate a (ilm containing 20°%; solids of polymerized vinylidene chloride or one of
polyvinyl acetate containing 559 total solids. Snyder (1955) found cellulose acetate
was the only plastic of those he tested that was not attacked by termites. The test
inscets were species of Coptotermes, Heterotermes, and Reticulitermes. He also refers
to termite attack on polyvinyl chloride coatings on underground cables and to termite
penetration of both Neoprene and natural rubber insulations. A recent personal
communication from Dr. Snyder refers to (ests by the United States Department of
Agriculture in which the following plastics were shown to be susceptible to termite
attack: polyethylene, polyvinyl chloride, Neoprene, butyl rubber, and natural rubber.
The least susceptible material was polyvinyl chloride, and thickness was considered to
be an important factor in refation to susceptibility-—the thicker the material, the lower
the susceptibility. Additional tests showed that the incorporation of small amounts of
cyclodienes, ¢.g. dieldrin, was effective in preventing attack. Colwill (1958) refers to tests
in Nigeria in which nylon monofilaments were damaged by termites, and also notes
the commercial use of metallic naphthenates for termite-proofing dielectrics such as
polyvinyl chloride and polyethylene. He states that untreated dielectrics vary in their
resistance to termite attack, and that those containing chlorine, e.g. polyvinyl chloride,
seem relatively immune compared with non-chlorine compounds such as polyethylene.
With polyethylene, the amount of damage appeared to depend on density, low-density
polyethylene probably being more easily attacked than a high-density type.

Tests carried out by the Department of Forestry, Pretoria, South Africa,
(Dr. P. D. M. Krogh, personal communication) showed that cable sheaths consisting

of either polyethylene containing 109/ polyisobutylene or polyethylene containing

1077 butyl rubber were severely damaged, probably by Macrotermies natalensis. The
inclusion of chemicals such as metallic naphthenates or pentachlorphenol during manu-
facture has not proved effective, possibly because of destruction or decomposition
during the high-temperature extrusion of the polythene sheath.

The Southern African Scction of the Plastics Institute, London, (Mr. J. N.
Ratcliffe, personal communication) reports that sections of black and white poly-
cthylene water pipe remained sound after 4} years’ exposure to high termite hazard in
South Africa, whereas small-bore polyvinyl chloride piping was punctured by termites
within 3 years. Reports of termite attack on tclephone cables in the Central African
Federation are conflicting, one report stating that polycthylene is attacked and poly-
vinyl chloride is not, and another the exact opposite. One of these reports claims that
colourisimportant, black cable being Icast liable to attack and red cable most attractive.

The records of the Termite Research Unit, London, (kindly made available by
Dr. W. V. Harris) include the following references to termite attack on plastics:
(i) polyvinyl chloride strip used for wrapping clectric cables in East Africa was severely




attacked in 17 months by species of Odontotermes; (ii) rubber-insulated polychloro-
prene-sheathed cable shorted after 4 months’ use in Macao owing to termite attack;
(iti) railway signal cable sheathed with Neoprene rubber, buried in the soil in Southern
Rhodesia, was severely attacked after 6 weeks, but polyvinyl-chloride-coated cable
buried in the same area was reported sound after a year, the termites responsible being
Macrotermes or Qdontotermes; (iv) plastic paint based on polyvinyl acetate was eaten
by termites (probably Microcerotermes diversus) in Baghdad in 1956. Methods of
protecting plastics against termite attack are reported to include the use of dieldrin in
polyvinyl chloride and a mixture of aldrin and dieldrin in polyethylene. In a published
account of termites in Europe, Harris (1962) refers to laboratory tests with the endemic
species, Reticulitermes lucifugus, in which polyethylene sheeting and polyurethane
foam were readily attacked.

Rychtera and Bartakova (1963) summarized data on termite attack on plastics
from a wide variety of sources, and classified the various plastics as follows:

Resistant.— Epoxides, unplasticized polyvinyl chloride, polymethyl methacrylate,
polyvinyl carbazole, phenol-melamine-aniline-formaldehydes.

Slightly attacked. —Polychlorotrifiuoroethylene, polytetrafluoroethylene.

Markedly attacked.—Polyethylene, nylon, plasticized polyvinyl chloride, poly-

vinyl butyral, polypropylene.

Becker (1963, 1964) gives details of laboratory tests in which 50 plastics of
different types were exposed to five specics of termites belonging to five different genera.
He found that (i) phenoplasts and aminoplasts are termite-resistant if they are hard
enough and do not contain susceptible fillers, (ii) polyester, polyamide, polymethyl
methacrylate, and epoxy resins are resistant, (iii) polyethylene, polystyrene, and
polyvinyl chloride with a low plasticizer content are to a great extent resistant, and
(iv) polyurethane, soft polyethylene, and plasticized polyvinyl chloride are susceptible.
He considers that hardness of the material is of vital importance and that surface finish
also affects practical performance.

Colwill (1964), in a report of the results of a world-wide questionnaire on pest
damage to transmission lines and cables, refers to numerous instances of termite damage
to polyethylene- and polyvinyl-chloride-sheathed and insulated cables. He also draws
attention to the performance of a nylon-sheathed polyethylene-insulated cable in
Malaya which suffered only one localized area of damage during 3 years’ exposure
to termites.

Pacitti (1965) surveyed the literature relating to termite attack on plastics and
rubbers. He concludes that polymeric materials show considerable variation in their
resistance to termite attack, and that this is due to physical factors such as hardness
rather than to chemical composition.

In Australia there have been abundant instances of termite attack on plastics in
service. Government departments, such as Postmaster-General's, Works, Supply, and
Civil Aviation, have reported termite damage to plastic-sheathed and insulated com-
munications and power cables, and manufacturers and their agents have reported many
cases of attack on plastic piping used for irrigation, stock watering, or domestic water
supplies. The plastics involved have been polyvinyl chloride, polyethylene, and




cellulose acetate butyrate, and where specific identifications have been made the
termites responsible were Coptotermes acinaciformis or Mastotermes darwiniensis.
These attacks have been observed in all mainland States, although almost all damage
to plastic piping has been confined to the low-rainfall areas of the southern and
south-western portions of the continent.

It is clear from the above summary that termite attack on plastics is quite wide-
spread and that a number of different genera are capable of causing economic damage.
No single plastic has yet proved completely resistant against a range of termites, and
the commonest approach to proofing such materials is the incorporation of insecticidal
compounds during processing.

The investigations reported here have been carried out over several years.
Initially, test samples were obtained by canvassing Australian manufacturers and
suppliers of plastic piping and cable sheathings and consisted mainly of representative
material from normal production runs. In addition, however, occasional experimental
batches were prepared for testing, usually to assess the value of insecticidal additives.

In 1958, a conference of representatives of the Plastics Institute of Australia, the
Commonwealth Departments of Civil Aviation, Supply, and Works, and the CSIRO
Division of Entomology was convened to consider the problem of termite attack on
plastics and to plan research programmes. As a result, testing since that date has been
increasingly concerned with experimental material specially formulated to check
particular points.

11. MATERIAL AND METHODS

Almost all tests have been made using the standard laboratory colony technique
developed in this Division (Gay et al. 1955), and employing Nasutitermes exitiosus
(Hill), Coptotermes lacteus (Frogg.), and, to a lesser extent, Coptotermes acinaciformis
(Frogg.). A limited number of tests was made with Masrotermes darwiniensis Frogg.,
in which samples of plastics were exposed to a large colony of several thousand
individuals maintained in a metal tank in the laboratory.

The choice of test species of termites is governed by their economic significance,
availability, and amenability to laboratory maintenance. In temperate Australia most
termite damage is caused by Coptotermes spp. (mainly C. acinaciformis and C. frenchi)
and Nasutitermes exitiosus, and in tropical Australia by Mastotermes darwiniensis and
Coprotermes acinaciformis. Of these, only M. darwiniensis cannot be maintained
satisfactorily in the small experimental groups necessary for an extensive laboratory
testing programme, so tests with this species have necessarily been restricted to the type
referred to above.

The more extensive use made of C. lacteus as a test insect compared to its more
aggressive and voracious congener, C. acinaciformis, is based firstly on the convenience
of being able to collect populous field colonies of the former species readily in areas
where colonies of the economic species N. exitiosus are also common. Secondly, the
Australian species of Coprotermes tformaclosely knit group with similar food preferences
and susceptibilities to toxicants. For this reason C. lacteus, although never considered
of economic significance throughout its restricted range of distribution in south-eastern
Australia, is a uscful guide to the performance of the economically important
C. acinaciformis.



Test specimens consisted of short lengths (normally 3-3} in.) of plastic pipe,
plastic-sheathed cable, or plastic sheet (3-in.-wide strips). When plastic film was tested
it was either wrapped around blocks of susceptible timber (3} by } by in.), or rolled
into hollow cylinders ({-in. diameter) and fastened with metal clips, or used as a sheet
barrier (flat or folded) between an experimental group of termites without food and an
adjacent food source (Fig. 1).

Susceptible timber e Glass cover
(food source) "'\

«- Clamp

Plastic film

N~ Film supporting plates

Fig. 1.-~The experimental unit used for many of the tests of plastic films.

In the earlier tests in this investigation, the sheet, cable, or pipe samples were
used without any special preparation after cutting to size, i.e. the cable and pipe
samples had exposed ends and the sheet material exposed edges. It soon became
obvious that termite attack generally started from the ends or edges of samples where
presumably the termites could readily obtain purchase with their mandibles. In order
1o ensure the most rigorous test of a candidate plastic, it was necessary to mask the cut
ends and edges of samples so that the termites were presented with only a flat or curved
surface of plastic. This masking was done in a variety of ways: with sealing wax,
epoxy resins, or metal edging or capping, and in the tabulated results given later such
samples are referred to as having “capped ends™ or “masked edges™. Normally, four
test samples were exposed in each standard colony, but with piping only a single sample
was included. Al matcrials were tested in duplicate colonies against each species of
termite and the attack on test samples was recorded as both an actual and a percentage
weight loss. The figures for these losses, given in Tables 1-7, represent the means of
duplicate readings in each instance. In addition, visual assessments of the extent and
nature of damage were made for most materials, using the following system:

Slightly attacked.—Penetration from the edge of the sample not exceeding 10%
of the width of the sample, or excavation on the face of the sample not exceeding
109, of the thickness.




Attacked —Penetration from the edge of the sample more than 109, but not
exceeding 337 of the width, or excavation on the face of the sample more than
109, but not exceeding 339 of the thickness.

Badly attacked —Edge penetration more than 339/ but less than 66 % of the
width, or surface excavation greater than 339 but not exceeding 669, of the
thickness.

Destroyed —Edge penctration more than 669 of the width of the sample, or
surface excavation exceeding 66 %, of the thickness.

HI. REsuLTs AND COMMENTS
(a) General Survey

The results may be considered most conveniently in separate groups, each of
which represents a separate phasc of the investigation. The first group concerns the
plastics in most general use in Australia. These plastics, obtained from a variety of
sources, were tested without any concern regarding their formulation or the nature of
the sample, i.e. piping, sheet, or cable sheathing, in order to make a general survey of
the termite susceptibility of plastics. 1t was felt that this information could serve as a
useful guide to the most satisfactory utilization of plastics in situations where termite
hazard exists. The results of this general survey are sum-narized in Table 1, from which
the following conclusions may be drawn.

Susceptibility to termite attack varies considerably among the plastics in
widespread use, ranging from virtually complete immunity to a high level of
susceptibility. Polyvinyl chloride, in the semi-rigid or rigid conditions, either as
sheeting or piping, is virtually unattacked, but when plasticized for use as cable
sheathing or insulant or as tape. is very susceptibie to attack (Fig. 2). Polyethylene, in
low-density grades used for piping or cable sheathing. is readily attacked (Fig. 3), but
the more recently developed high-density grades show a high resistance to termite
damage. The epoxy and acetal resins tested are either highly resistant or immune to
attack. Polyester resins also appear to be immune, and the small weight losses detected
in thesc samples are considered to be duc to causes other than termite attack.
Cellulose acetate butyrate, both in sheet form and in piping, is readily attacked (Fig. 3).
Natural rubber is slightly susceptible. All of the synthetic elastomers show some
susceptibility to attack (especially Thiokol). The phenolic laminates examined arc
cither highly resistant or immune. All grades of nylon tested are highly resistant and
show no more than slight nibbling; this also occurs with polytetrafluorethane.
Makrolon (a polycarbonic acid ester of 4,4"-dihydroxydiphenyl-2,2-propane) is
immune to attack, as is high-impact polystyrene. Kralastic (a copolymer of styrene—
butadienc-acrylonitrile) is susceptible to attack; polypropylene is slightly susceptible;
polyvinylidene chloride (as film), polyurethane (as film), and polyisobutylene arc very
susceptivle to attack. All the foamed or expanded plastics tested (polyvinyl chloride,
polyurethane, polystyrene) are very susceptible to attack.

(h) Effect of Plasticizers

The marked difference in performance of plasticized and unplasticized polyvinyl
chloride, as indicated in Table 1, led to an investigation of the effects of variations in



the level and nature of plasticizer on the ternmite resistance of the resultant product.
Five tests were made using polyvinyl chloride sheet and one test with cellulose acetate
butyrate rod. The results are summarized in Table 2.

It will be seen that in Test No. | unplasticized polyvinyl chloride was unattacked,
but any of the plasticizer treatments resulted in some degree of termite attack. A
statistical analysis of these results shows that all treatments are-significantly different
from each other. 1t may be concluded, therefore, that the addition of tricresyl phosphate
to polyvinyl chloride makes it less susceptible to termites than if a similar quantity of
dioctyl phthalate is added.

(a) (b) (c)

Fig. 2. Various types of polyvinyl-chtoride-sheathed cables after exposure to
attack by Coprotermes acinaciformis in laboratory colonies. () Non-migratory
PVC sheath; (h) Arctic PVC sheath; (¢) gencral-purpose PYC sheath.

In Test No. 2 (Table 2) polyvinyl chloride plasticized with tricresyl phosphate is
obviously much less susceptible o attack than when plasticized with an equal quantity
of either dioctyl phthalate or di-isooctyl phthalate. This confirms the findings of the
previous test: but such a result could be attributed simply to hardness, as the material
plasticized with tricresyl phosphate has a British Standard hardness of 96 compared
with a hardness of 90 for the material plasticized with either of the other two compounds.

This point was checked in Test No. 3 (Table 2) in which the levels of the two
plasticizers were adjusted to give products of approximately the same hardness.

It is clear from these results that a reduction in the-amount of either plasticizer
(with an accompanying increase in hardness) produces a significant reduction in
susceptibility to termite attack. Statistical analysis also indicates that _polyvinyl
chloride plasticized with tricresyl phosphate is significantly less susceptible than when
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ST RS

(b)

Fig. 3.. -Samples of plastic piping after exposure to attack by Coprotermes acinaciformis in laboratory
colonies. (a) Cellulose acetate butyrate; (b) polyethylene.
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plasticized with dioctyl phithalate, irrespective of whether the level of tricresyl phosphate
is adjusted to give a final product of equivalent hardness to that achieved using dioctyl
phthalate. This finding must be treated with some reservation, however, as the
compounds were matched for hardness at 20°C and tested at 26°C. The difference of
6 degC is sufficient to cause an appreciable variation in hardness, which will be different
for each of the plasticizers.

In Test No. 4 (Table 2) the surface coating of polyurethane apparently delayed
the initiation of attack. However, it is again evident that comparable susceptibility of
polyvinyl chloride to termite attack occurs with lower levels of dioctyl phthalate and
di-isoocty] phthalate plasticizers than with tricresyl phosphate.

Test No. 5 (Table 2) gives further proof of the decrease in termite resistance of
polyvinyl chloride as the level of plasticizer rises. A point of interest here is the reversal
in the trend of increasing susceptibility in the C. lacteus test, as the plasticizer level was
raised from 59-5 to 69 -5 parts per 100 parts resin. Survival figures for the experimental
colonies indicated that no toxic effect was involved, and it is possible that a repellent
action is operating.

In the cellulose acetate test there are four variables, any or all of which could
conceivably affect the resistance of this material to termite attack. These four variables
are colour (dyes or pigments), acetyl range (medium, high, or extra high), plasticizer
range (low or medium), and plasticizer type (phthalate or phthalate plus phosphate).
The significance of these factors was checked by a statistical analysis of the data which
showed (i) that there is no difference in the resistance of cellulose acetate to attack
whether the colour is due to dyes or to pigments, (i) that phthalate plasticizer gives a
more resistant product than phthalate plus phosphate plasticizer, (iii) that a low
plasticizer range gives better termite resistance than a medium range, and (iv) that a
high acetyl range yields a more resistant product than a medium acetyl range but an
extra high range is no better than a high range. There is interaction between the three
variables, plasticizer type, plasticizer range, and acetyl range, and the most satisfactory
combination to increase the termite resistance of cellulose acetate is high acetyl range,
low plasticizer range, and phthalate plasticizer.

Two conclusions may be drawn from this series of tests on the effects of plasticizer
variation. Firstly, the termite susceptibility of plastics such as polyvinyl chloride and
cellulose acetate increases as the level of plasticizer is increased. Secondly, for those
applications in which plasticizing is essential, termite susceptibility can be lessened by
the correct choice of plasticizer, i.e. tricresyl phosphate for polyvinyl chloride and
diocty! phthalate for cellulose acetate.

(¢) Influence of Physical Factors

In addition to the chemical formulation of a plastic, physical factors such as
thickness and surface texture could be expected to influence its susceptibility to termite
attack. In Section | reference is made to overseas opinion that thickness is important
in this respect, and two series of tests to check this point are summarized in Table 3.
In both tests the results show clearly that the susceptibility of polyvinyl chloride is
inversely related to thickness—the thinner the film or foil, the greater the amount of
attack. This finding has some relevance in view of the increasing use of plastic sheeting
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for damp-proofing, particularly under concrete-slab construction. In order to minimize
the risk of termite damage to the plastic membrane, the thickest grade that is
economically feasible should be used.

By far the commonest forms in which termites are likely to encounter plastics,
however, are piping or cable sheathing. Both these types of product generally present
the termites with a surface relatively free from edges or irregularities other than the
minor abrasions and scratches sustained during installation. It is not unreasonable to
suppose that a curved, unblemished plastic surface offers little opportunity for the
initiation of termite attack and that the damage sustained by cables and piping originates
from surface imperfections. If this is actually so, then special precautions in processing
or installation, or both, to ensure a smooth surface finish on the plastic should minimize
termite attack.

This point was checked in a test in which samples of a semi-rigid and a plasticized
polyvinyl chloride were given a variety of surface finishes by sanding with different
grades of abrasive paper before exposure to termite activity. The results are summarized
in Table 4, and it can be seen that none of the treatments had any effect on the termite
susceptibility of the finished plastic. It is concluded from this test that the physical
nature of the surface of a plastic is of no importance in determining the liability of the
plastic to termite attack.

In a series of tests on polyethylene, the effects on termite resistance of other
physical factors such as density, molccular weight, and melt flow index* were examined.
The results of these tests are summarized in Table 5. The data for Test No. | in
Table 5 indicate that, if density and the nature of any fillers or additives are kept
constant, polyethylene with a high melt flow index is more susceptible to attack than
one with a low melt flow index. There is partial confirmation of this finding in
Test No. 2. in which the high melt flow index polyethylene without additives is much
more susceptible than the low melt flow index material. In the samples containing
carbon black, however, the influence of melt flow index is not apparent. In both tests
the addition of 10% butyl rubber (polyisobutylene) for the purpose of improving
processing qualities adversely affected the termite resistance of the end product.

Test No. 3 (Table 5) clearly demonstrates the greater termite resistance of high
molecular weight polycthylene compared to the low molecular weight polymer. In
gencral this is confirmed by the results of Test No. 4 (Table 5). However, the critical
molecular weight appears to be around 50,000, and increases beyond this figure
produce only very slight improvements in resistance to attack.

In Test No. 5(Table 5) a group of high-density polycthylenes showed consistently
lower levels of attack than a number of low-density polyethylenes. The pattern of
attack on the low-density polymers in relation to melt flow index is slightly anomalous:
in the N. exitiosus tests the more usual pattern of an increased level of attack on high
melt flow index material is evident, but in the C. lacteus tests the second of the high
flow index polycthylenes (density 0-923) proved more resistant thun low melt flow
index material.

* Melt flow index or melt index is primarily an assessment of the flew propertics of the matcrial
and is a function of the molecular weight. A low melt index indicatcs a high molecular weight with
maximum toughness and resistance to stress cracking. Conversely, a high melt index indicates a lower
molecular weight with improved processing qualities but with reduced toughness and resistance to
stress cracking.
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In the last test in this group (No. 6, Table 5), the results show that cross-linked
curing of polyethylene is of no value in producing a termite-resistant product.

The general conclusions to be drawn from the above group of tests are that
polyethylene varies very widely in its natural resistance to termite attack and the
desirable propertics for high resistance are a low melt flow index, high density, and
high molecular weight.

(d) Incorporation of Insecticides

The tests so far reported in this paper show that some plastics in widespread use,
such as plasticized polyvinyl chloride and low-density polyethylene, are liable to severe
termite damage. This is confirmed by many field observations and has led to consider-
able interest in attempting to prevent such damage by the addition of various insecticidal
materials during processing. A number of manufacturers have experimented with such
additives, mainly of the chlorinated aromatic or cyclodiene type, and Table 6 presents a
summary of aseries of tests to determine the effectiveness or otherwise of these materials
in reducing termite attack.

Figures for the percentages of insecticidal materials presentare nominal retentions
only, and no information is available on actual retentions. It is not known, therefore,
whether any loss of insecticide has occurred during processing but, in view of the
thermal instability of some compounds and the high temperatures associated with
processing, losses could be expected. For this reason, and also because of variations
in the composition of base mixes, no valid comparisons can be made between different
tests and each must be considered as a separate entity.

The ratings given in the toxicity column of Table 6 are based on a comparison
of the survival times of colonics containing treated samples with those of unfed control
colonics.  The length of life of the latter measures the normal death rate from
starvation. and the number of days by which the life of test colonies falls short of this
figure is taken as a measure of the toxicity of materials included in such colonies. The
rating **v. slight” indicates that the survival of the colonies concerned was only 1 or
2 days less than that of the unfed colonies, and that toxic action is doubtful.

In Test No. | (Table 6) all samples were attacked more heavily by C. lacteus
than by N. exitiosus. Although the level of attack fell as the concentration of 1368
(chlorinated aryl sulphonamide) increased, even at the highest loading tested (29,
complete immunity to attack was not obtained. No untreated control material was
available for this test, but untreated polyvinyl chloride of similar composition to the
base mix was tested one year previously with the following results: N. exitiosus,
0-7g(4-6%) eaten; C.lacteus,0-17g(2-17) caten. Even allowing for some variation
in the vitality of the termites uscd in the two separate series of tests, these figures
suggest that although the lowest loading of “1368” tested (0-27;) has a deterrent
effect on N. exitiosus this effect does not occur with C. lacteus until a loading of 19}
is reached.

Test No. 2 (Table 6) shows that this untrcated grade of polyvinyl chloride is
slightly susceptible to termite attack, more particularly by C. lacteus. The addition of
Xylamon Gl (chlorinated naphthalene) lowers this susceptibility progressively with
increasing concentration, but even at the highest loading tested (2°%) does not give
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complete protection. No toxic action toward A, exitiosus could be demonstrated, but
C. lacteus is affected progressively as the concentration of Xylamon G rises.

In Test No. 3 (Table 6) this formulation of polyvinyl chloride is somewhat more
susceptible to N. exitiosus than C. lacteus in the untreated condition. The addition of
dieldrin reduces susceptibility to attack progressively with increasing concentration up
to the 2%, level, at which complete protcction is obtained. In the same way, toxicity to
both species of termites increases up to the 29 level, beyond which no added activity
oceurs,

The polyvinyl chloride cable sheaths in Test No. 4 (Table 6) were supplied by
three different manufacturers, so there may well be intrinsic differences in the natural
resistance of the base mixes. Sheaths containing 0-2°, dicldrin, 0-31 % aldrin, or
19, DDT are immune to attack by N. exitiosus, but only the first two of these trecatments
are effective against C. lacteus. Both the dieldrin and aldrin treatments are obviously
toxic to the two species of termites.

InTest No.5(Table 6) polyvinylchloride film shows definite evidence of improved
resistance to attack by N. exitiosus after the incorporation of 0-5° aldrin. There is no
appreciable improvement in its resistance to C. Jacteus attack, but the treated film is
considerably more toxic to both termites.

Test No. 6 (Table 6) consists of two parts, A and B, the first of which was made
with samples recently processed and the second with samples subjected to an artificial
ageing process. This process consisted essentially of exposing the samples to a
constant-speed air stream at 824-1°C, for a period of 6 wecks.

In the tests of unaged polyvinyl chloride, all the treated samples have a higher
termite resistance than the untreated material, the 0-2% aldrin, dieldrin, and lindane
treatments being somewhat superior to the others.

After artificial ageing. the only treatments that are obviously better than the
untreated controls are 0-2% aldrin and 0-2797 dieldrin, both of which continue to
give a high level of protection (Fig. 4). The effectiveness of the remaining four
treatments has been destroyed by the accelerated ageing process.

In Test No. 7 (Table 6) the weight loss figures represent the average values of
cight separate readings (duplicate tests of four different surface finishes) for both
untreated and treated material. The addition of 0-2"; dieldrin to polyvinyl chloride
reduces the amount of termite attack. especially that of C. lucteus, but does not give
complete immunity. In this test, as in the previous one, there is no indication of toxic
action resulting from the addition of dicldrin.

InTest No. 8 (Table 6) the results are a summary of six readings on both untreated
and dieldrin-treated expanded polystyrene. The cellular and friable nature of this
material made it impossible to remove all termite plastering effectively, so that no
reliable weight loss figures could be obtained although all samples showed obvious
damage. The untreated material is susceptible to termite attack, especially by
C. lacteus, but the addition of | 7o by weight of dieldrin decreases this susceptibility
appreciably. There is very little evidence of toxic action, however, and this, together
with the failure of the treatment to give anything approaching complete protection.
strongly suggests that the actual retention of dieldrin is very much less than the stated
figure of 1% by weight.

Several tests were made with insecticidal additives to polyethylene. In Test No. 9
(Table 6), polycthylene cable sheath, untreated and treated with an unspecitied umount



Nasutitermes exitiosus

el e2 fl f2 gl g2

Fig. 4. -Samples of polyvinyl chloride containing various insccticides tested

for termite resistance after artificial ageing. (al, a2) 0-29% dieldrin: (bl, b2)

0-29 aldrin; (cl, ¢2) 2:0% Nibren Wax; (dl, d2) 0-29% lindane; (el, €2)
0-29% Z.A.C.; (f1,2) 2:0% See Kay Wax; (gl, g2) untreated.
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of lead naphthenate, was subjected to the attack of three different species of termites.
The results obtained with N. exitiosus and C. lacteus arc inconclusive, but the
C. acinaciformis test shows very clearly that this termite is quite unaffected by the
addition of lead naphthenate.

The effect of increasing additions of Sevin (I-naphthyl N-methyl carbamate) to
low-density polyethylene is shown in Test No. 10 (Table 6). There is a progressive
reduction in attack as the level of Sevin rises, and this is particularly evident in the
C. acinaciformis colonies in which the level of attack drops from about 109 for fully
exposed untreated samples to about 0-25 9 for similar samples containing 0-5 9 Sevin.
A further point of interest is that the treatment exhibits only a slight to medium toxic
effect on Coptotermes spp., and none at all on N. exitiosus.

In a further test of Sevin (Test No. 11, Table 6) the results confirm the effectiveness
of a 1% addition in producing immunity to termite attack.

Test No. 12 (Table 6) gives details of the effects of progressive additions of lindane
and Gammexane on the termite resistance of a medium-density polyethylene. It may
be seen that the untreated polymer is most severely damaged by C. acinaciformis, and
that the damage is effectively reduced by all levels of lindane, and by the highest level of
Gammexane (0-2Y%). The last fact infers that protection is related to the content of
y-isomer, in this case about 0-025 %, and that this is the minimum loading that can be
expected to give a high level of protection. 1t should be noted that none of the treat-
ments was toxic to any of the three species of termites, and this suggests that the
protective action is due to repellent or deterrent properties. Such properties are
frequently associated with chemicals with a relatively high vapour pressurc, so that
gradual loss through volatilization could reduce the effectiveness of treatment.

Three tests were made with insccticidal additives in polyurethane. In Test No. 12
(Table 6), a foam based on polyester prepolymer, which was readily attacked in the
untreated condition by both N. exitiosus and C. lacteus, was not protected by any of
five chemicals, all known to be effective termite toxicants. It is possible that these
chemicals may have been partly, or wholly, inactivated during the processing of the
foam. This view was supported by the results of Test No. 13 (Table 6), in which two
of the chemicals concerned, aldrin and dieldrin, even when used at 10 times the
concentration in Test No. 12, failed to protect the polyester prepolymer foam against
attack. Furthermore, in both these tests, the toxicity of treated foams to the termites
was no different from that of the untreated foam.

In Test No. 14 (Table 6) not only was a polyurethane elastomer completely
protected rom termite attack by additions of chlordane or dicldrin which proved
completely inadequate in Test No. 12, but the treatments also exhibited a medium to
high toxicity to the termites.

The evidence of the above three tests leaves little doubt that the processes
involved in producing polyurethanc foams eflectively inactivate insecticidal additives
such as aldrin, dieldrin, and chlordane.

A general review of the results of this scries of tests of insecticidal additives shows
that the only compounds tested which gave a high level of protection were aldrin and
dieldrin, with both lindane and Sevin showing some promise. Furthermore, the first
two compounds when incorporated in plastic proved to be highly resistant to an
accelerated ageing process. For these reasons, aldrin and dieldrin would appear to be
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the most logical insecticides for the termite-proofing of plastics. Further work is still
required, however, to determine the most satisfactory methods of incorporating all of
these compounds in order to ensure efficient retention, and to overcome the problem
of the inactivation of insecticidal additives incorporated in foams.

(e) Incorporation of Inert Fillers

The desirability of termite-proofing plastics by the incorporation of compounds
such as aldrin and dieldrin may be open to question because of possible hazards
involved. For instance, it is doubtful whether plastic piping incorporating either of
these compounds would be acceptable to public health authorities or to customers
themselves for use in domestic water supplies. To give another example, the repeated
handling of treated cable sheathing by technicians could conceivably result in the
absorption of toxic amounts of insecticide through the skin, especially as insecticides
tend to bloom out on the surface of some plastics. Although these hazards may very
well be negligible, it seems desirable to look for alternative means of producing a
satisfactory level of termite resistance in normally susceptible plastics by methods
other than the incorporation of insecticides that are toxic to man.

By means of simple scratch tests carried out under a binocular microscope
(Bailey 1954), using termite worker mandibles cemented to the tips of dissecting
needles, it has been possible to show that all the plastic materials listed in Table |1 have
an intrinsic hardness less than that of termite mandibles. Although scratching occurred
most readily on obviously soft and non-rigid plastics and was increasingly difficult on
semi-rigid and rigid plastics, there is no a priori reason why any of these materials
should not be scored by mandibular action and ultimately attacked to a greater or
lesser extent by termites. The test results show, however, that many of these plastics,
particularly the rigid types, do not suffer much damage, but semi-rigid and non-rigid
plastics are often extensively damaged. It is concluded from this that the intrinsic
hardness of a plastic plays some part in its termite resistance.

There appear to be three ways in which this factor of hardness might be used to
reduce the amount of termite damage to plastics in service. The first two are the more
widespread use of rigid plastics, and the development of surface-hardening techniques.
Both these approaches, however, involve a sacrifice of flexibility and limit the field of
application of the end product. The third method, which has very little effect on
flexibility and would not limit the applications of the end product, is to improve the
“internal hardness™ of the plastic by incorporating finely divided mineral particles,
preferably using minerals intrinsically harder than termite mandibles.

It is common practice to add cither organic or inorganic fillers to plastics, and
materials such as mica, china clay, diatomaceous earth, and calcium carbonate are
often used for such purposes as improving the electrical properties, heat resistance, or
moulded appearance of plastics. Accordingly, a series of tests was made to explore the
possibilities of this practice with the broad objective of producing a filled plastic so
abrasive to termite mandibles as to discourage attack. The results are summarized in
Table 7. »

In Test No. | (Table 7), various mineral powders ground to pass a 200-mesh
sieve were incorporated in non-rigid polyvinyl chloride at the rate of 59, by volume.
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Although the intrinsic hardness of the dusts varied considerably, the British Standard
Hardness of the resultant products was fairly uniform, ranging from 88 to 91.

The samples were exposed to the attack of C. lacteus and statistical analysis of
the percentages eaten shows that the termite resistance of polyvinyl chloride is
significantly improved by the addition of the following materials, listed in order of
decreasing effectiveness: hard silica, zircon flour, diatomaceous earth, barytes, soft
silica, feldspar, calcite, powdered glass yarn, water-ground whiting, activated whiting,
fine-particle silica, talc. The effects of these fillers were so striking, particularly of the
first three which reduced damage 66-80% below the untreated level, that further
investigation was warranted (Fig. 5).

(a)

Fig. 5.—Samples of polyvinyl chloride containing various mineral fillers after exposure to attack by
Coptotermes lacteus in laboratory colonies. (¢) Hard silica, 5%; (b)zircon flour, 5%; (c) diatomaceous
earth; (d) untreated; (e¢) Micafine P, 5%; (f) hard clay, 5%.

In Test No. 2 (Table 7), four fillers covering the range from least to most effective
in the previous test were re-checked using a different base resin with lower plasticizer
level, and the effect of varying the percentage content of filler was also studied. The
results confirm that both clay and whiting fillers have little or no value for termite
protection and even though improving the hardness might in fact make the end
product more susceptible. However, silica and barytes fillers reduce susceptibility quite
significantly, and this reduction is positively correlated with the level of addition.

In Test No. 3 (Table 7), a third type of base resin with a moderately high level of
mixed plasticizers was used o test a number of different fillers. The level of addition
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of fillers was constant at 47-59%, by weight and as the specific gravity of the minerals
involved ranged from 2-7 to 3-0 this represents a percentage by volume of approxi-
mately 16-17-5. Although no untreated control samples were available, the results
demonstrate the wide variation in effectiveness of different fillers. The most effective
material was calcined china clay and as this result contrasts strongly with those obtained
for clay fillers in Tests | and 2 it is possible that the improvement is associated with
calcining. There is some suggestion {rom the results with labradorite, dolomite, and
talc plus magnesite samples that the particle-size range of fillers influences their
performance, but particle-size analyses arc needed to confirm this.

In Tests Nos. 4 and 5 (Table 7) the same base resin and plasticizer content were
processed into shect form and cable sheath for further tests of the effects of adding
silica filler. Two levels of addition were studied, viz. 5% and 109/ by volume, and
three grades of silica were used as additives. Details of the particle-size distribution
of the silicas are given in Table 8.

TABLE 8
PARTICLE-SIZE DISTRIBUTION OF THREE SILICAS

Silica Additive

Particle Sizc (% by weight)
{mm) S3E 400 WQ S3BC
<0-004 5-4 5-2 1-3
0-004-0-0i 13-8 16-7 1-2
0-01-0-04 24-2 47-1 0-9
>0-04 56-6 310 96-6

The untreated sheet material was much more susceptible to attack by both
species of termites than was the cable sheath. This is presumably a matter of geometry,
in that the sheet material presents many more edges on which the termites can obtain
the necessary purchase with their mandibles.

The addition of fine silica to the cable sheath had little effect on its resistance to
attack by C. lacteus, but both levels of addition reduced the amount of attack by
N. exitiosus by about two-thirds. All grades of silica brought about a marked improve-
ment in the termite resistance of the sheet material to both species of termites but there
was no constant relationship between increased resistance and increased level of filler.
The fine silica (Grade S3E) was superior to the two other grades in reducing attack but
this cannot be explained logically on the basis of particle-size distribution.

In view of the promising results obtained with silica fillers in polyvinyl chloride,
and as this mineral appeared to be among the cheapest and most readily available, two
tests were made with silica as a filler in polyethylene. In the first of these (Test No. 6,
Table 7), silica was added at two levels to polyethylenes of different melt flow index
extruded in rod form. There was no regular pattern in the resufts but it is evident that
no worth-while improvement in termite resistance was achieved.

In the second test (No. 7, Table 7), in which low-density polyethylene was
processed in sheet form with three diffeient levels of ultra-fine silica, even the highest
level of addition (5%, by volume) resulted in only a slight improvement in termite
resistance.
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This series of tests on fillers shows that (i) certain minerals such as silica, zircon
flour, barytes, and calcined china clay can materially improve the termite resistance of
plasticized polyvinyl chloride, (ii) with silica and barytes at least, the level of resistance
rises as the filler content is increased from 5 to 409/ by volume, (iii) there is some
evidence that fineness of particle size increases the efficiency of a particular filler, and
(iv) the use of silica as a filler for polyethylene does not produce a comparable reduction
in termite susceptibility to that achieved in polyvinyl chloride. The ineffectiveness of
mineral fillers such as silica in polyethylene, coupled with the fact that all developmental
laboratories concerned in the preparation of silica-filled samples of polyvinyl chloride
or polyethylene have commented on the greatly accelerated rate of wear on extrusion
dies, makes it unlikely that this method of improving the termite resistance of plastics
could become commercially practicable.

IV. GENERAL CONCLU: -+~ AND DIiSCUSSION

The following conclusions may be d::v: from the various series of tests that
have been described.
Plastics vary considerably in their susvo;-ubility to termite damage but very few

of the materials in common use are wholiy numune to attack, and some, such as
plasticized polyvinyl chloride, low-density polyethylene, polystyrene and polyurethane
foams, and cellulose esters, are liable to severe damage. The consistent pattern of
minimal attack, comprising a few nibbles along the edges or ends of samples, shown by
all grades of nylon emphasizes the potential usefulness of this plastic in situations of
high termite hazard.

The liability of a plastic to attack depends upon the species of termite involved
and, in general, is lower for N. exitiosus than for species of Coptotermes, especially
C. acinaciformis, which is the most widespread and economically important species of
termite in Australia. In addition, the physical shape in which a particular plastic is
presented to termites influences the severity of attack. This is borne out by the
consistently higher levels of attack on samples with exposed ends or edges over those
in which only flat or curved surfaces were accessible to the termites, and by the greater
liability of termites to penetrate folded rather than flat plastic film.

The termite resistance of plastics, which is influenced by both physical and
chemical factors, can be significantly improved by the manipulation of these factors.
For example, changes in the nature and amount of plasticizer can materially improve
the termite resistance of plasticized polyvinyl chloride, and a similar improvement has
been effected in polyethylene through a change from low-density to high-density
material, by increasing the molecular weight and lowering the melt flow index.

Thickness is an important factor in determining the termite susceptibility of
plastic films or foils, but hardness appears to be more important in products such as
piping and cable sheathing.  The need for flexibility in cable sheathings and films,
however, limits the extent to which hardness can be used to minimize termite damage
and has directed attention to the possibility of termite-proofing plastics by incorporating
insecticides during the manufacturing process.

Several different insecticides have been added to plastics on an experimental basis,
and the most consistently successful results have been obtained with aldrin and
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dieldrin. There are, however, certain aspects of the toxic hazard associated with the
widespread use of plastics containing these materials which must be kept in mind if
commercial production is contemplated. These include the end use of the product and
the possibility of cumulative toxic effects on operatives engaged in the production or
installation of insecticide-treated plastics.

The usefulness of selected non-toxic mineral fillers, which in small quantities can
significantly reduce the termite susceptibility of some plastics without adversely
affecting their physical properties, appears to be limited because of processing
difficulties.

Finally, there are two broad aspects of the investigation which need to be placed
in proper perspective,

The first is the question of the relevance of laboratory test results to performance
in service, and whether field exposure tests would be more appropriate despite the
considerable length of time which they require. The authors believe that the level of
intensity of the termite hazard in the standard laboratory colonies, where the absence

of a normal food source places the inscc:. uder severe food stress, is seldom, if ever,
reached under natural conditions. Acc----gly, any material that proves highly or
completely resistant in these tests can rc: -:ubly be expected to perform similarly in

service. On the other hand, field tests 1. oduce the possibility of deterioration by
other biological and/or physical factors and, for this reason, may give a better
indication of the length of service life. However, the chemical stability of most plastics
greatly reduces the significance of these factors, except possibly for some plasticized
products or those containing insecticides, and even these can be catered for in
laboratory tests by using artificial ageing or weathering techniques (Tests 6A and 6B
in Table 6).

The second point is the extent to which these test results are applicable in Australia.
It is evident from the consistently more severe attack by C. acinaciformis, as compared
with N. exitiosus, that results obtained with the former species are valid for the whole
of temperate Australia. The results of a limited number of tests with M. darwiniensis
on eight different plastics were essentially the same as those obtained with
C. acinaciformis. This similarity suggests that the possibility of significant differences in
performance of a particular plastic exposed to these two species is slight, and that
results obtained intests with C.acinaciformiswill also be applicable in tropical Australia.
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